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1. Introduction
In this paper, we share our understanding on the UTC reference point in NR-NTN and propose a correction on CondEvent T1 in R17.
2. [bookmark: _Toc12718547]Discussion
2.1. UTC reference point in NR NTN R17
The following issue has been raised at RAN2#123bis:
R2-2311241	UTC reference point in NR NTN R17	Ericsson	discussion	Rel-17	NR_NTN_solutions
Observation 1	Usefulness of the broadcasted/dedicated signalled UTC is much less in NR where UEs are assumed to have simultaneous capability to transmit/receive and measure GNSS.
Proposal 1	Align the IoT NTN UTC reference point and the NR NTN reference point.
· Nokia agrees with observation 1 so is not sure whether we need p1 now, we can add it in the future if needed
· QC agrees with p1
· Vivo agrees with the intention but think that Redcap for NTN is not supported in this release and we should postpone this. QC does not agrees with this statement: Redcap can be supported in NTN
· Sequans agrees with QC and supports p1
· Apple supports the observation but thinks we can have this in the next release.
· QC thinks that if we only have it in R18 there would be inter-operability issues. Oppo thinks this is not the case
=> Come back to this in the next meeting (for possible inclusion also in Rel-17).
In this paper, we share our understanding on the UTC reference point in NR-NTN.
2.2.1. Agreements in IOT-NTN
The following CR has been agreed for IOT-NTN on the UTC reference point:
R2-2308992	Clarify the reference point for timing info in SIB16(-NB) and DLInformationTransfer in IoT NTN	MediaTek Inc., Qualcomm Inc, Apple, Ericsson, Huawei	CR	Rel-17	36.331	17.5.0	4937	2
· Agreed unseen
	SystemInformationBlockType16 field descriptions

	dayLightSavingTime
It indicates if and how daylight saving time (DST) is applied to obtain the local time. The semantics is the same as the semantics of the Daylight Saving Time IE in TS 24.301 [35] and TS 24.008 [49]. The first/leftmost bit of the bit string contains the b2 of octet 3, i.e. the value part of the Daylight Saving Time IE, and the second bit of the bit string contains b1 of octet 3.

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted. In an NTN cell, the indicated time is referenced at the uplink time synchronization reference point (RP), i.e., UE should take into account the propagation delay between UE and RP when determining the UTC time at the UE. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). NOTE 1.
This field is excluded when estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.



	TimeReferenceInfo field descriptions

	referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.

	time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. In an NTN cell, the indicated time is referenced at the uplink time synchronization reference point (RP), i.e., UE should take into account the propagation delay between UE and RP when determining the time at the UE. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers.
If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.
NOTE: 	The estimated time in an NTN-cell may be less accurate than the estimated time in a TN-cell.

	Uncertainty
This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.



The motivation is to specify that the reference point for time is at the uplink time synchronization reference point (RP). The UE would compensate the propagation delay of the serving link and the propagation delay of the satellite and RP. The network would compensate the propagation delay of RP and eNB. 
And we reached consensus that:
In NTN, RP is the reference point for timing info for both timeInfoUTC and timeReferenceInfo. RAN2 understands that, for timeReferenceInfo, in NTN R17 it’s anyway not possible to achieve the same level of accuracy as in a TN network.
2.2.2. Analysis on NR-NTN
In NR NTN the UTC time is available in SIB9:
[bookmark: _Toc60777148][bookmark: _Toc139045471]–	SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
SIB9 information element
-- ASN1START
-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {
    timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
     [[
    referenceTimeInfo-r16           ReferenceTimeInfo-r16                           OPTIONAL    -- Need R
    ]]
}

-- TAG-SIB9-STOP
-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.



And we have the ReferenceTimeInfo IE:
[bookmark: _Toc60777345][bookmark: _Toc139045711]–	ReferenceTimeInfo
The IE ReferenceTimeInfo contains timing information for 5G internal system clock used for, e.g., time stamping, see TS 23.501 [32], clause 5.27.1.2.
ReferenceTimeInfo information element
-- ASN1START
-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfo-r16 ::= SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need S
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need S
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}

ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}

-- TAG-REFERENCETIMEINFO-STOP
-- ASN1STOP

	ReferenceTimeInfo field descriptions

	referenceSFN
This field indicates the reference SFN corresponding to the reference time information. If referenceTimeInfo field is received in DLInformationTransfer message, this field indicates the SFN of PCell.

	time
This field indicates time reference with 10ns granularity. If included in DLInformationTransfer and if UE-side TA PDC is de-activated, the indicated time may not be referenced at the network, i.e., gNB may pre-compensate for RF propagation delay. If included in DLInformationTransfer and if UE is requested to transmit UE Rx-Tx time difference measurement, the indicated time may not be referenced at the network, i.e., gNB may pre-compensate for RF propagation delay. Otherwise, the indicated time is referenced at the network, i.e., without compensating for RF propagation delay.
The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field.
If the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN. The UE considers this frame (indicated by referenceSFN) to be the frame which is nearest to the frame where the message is received (which can be either in the past or in the future).
If the referenceTimeInfo field is received in SIB9, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.
If referenceTimeInfo field is received in SIB9, this field is excluded when determining changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	timeInfoType
If timeInfoType is not included, the time indicates the GPS time and the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the origin of the time is unspecified.

	uncertainty
This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.



	Conditional Presence
	Explanation

	RefTime
	The field is mandatory present if referenceTimeInfo is included in DLInformationTransfer message; otherwise the field is absent.



For NR-NTN, we also have two options:
· Option 1: UE compensates the propagation the delay from the UE to gNB
In this case, the compensated propagation delay consists of two parts, one part is the delay between UE and RP (uplink time synchronization reference point) which can be calculated based on ephemeris and common TA, and another part is the delay between the RP and the gNB which may be calculated as follows:
· Option 1.1: If the Kmac is equal to the propagation delay between RP and gNB, the UE can compensate the RP and gNB delay based on Kmac, which is broadcast. 
 
· Option 1.2: If the Kmac is not equal to the propagation delay between RP and gNB, the UE can also just compensate the propagation delay between RP and gNB based on Kmac, which is broadcast, but the gNB needs to pre-compensate the difference between the actual propagation delay between RP and gNB and the broadcast Kmac, when determine the value of timeInfoUTC. 
· Option 2:UE compensates the propagation delay from the UE to RP 
In this case, the compensated propagation delay is the delay between UE and RP (uplink time synchronization reference point) which can be calculated based on ephemeris and common TA. And when the gNB determines the value of the UTC time, the gNB needs to pre-compensate the delay between the RP and gNB.
For option 1, the granularity for UTC time is 10ms or 10ns while the Kmac in unit of 1ms may compromise the accuracy of estimation of propagation delay if the granularity of the UTC time is 10ns. However, in order to achieve the 10ns accuracy, the network can provide the UE with a propagation delay estimate based on the RAN RTT-based measurement (similar to the multi-RTT functionality of the positioning method). This information is obviously provided on a UE-basis and not in the SIB. Such propagation delay signaling is not feasible in NTN, because the UE-specific propagation delay changes over time due to the satellite movement.
Furthermore, for both option 1 and option 2, the UE would still need to determine the propagation delay on the service link and the part of the feeder link between the satellite and the reference point (independent of whether it is in the gNB or some arbitrary place). 
During the RAN1 release 17 discussions the accuracy of the satellite assistance information was discussed. For example, R1-2201011 notes the ephemeris after 60 seconds will results in a satellite position estimation error of 9.3 m - 33.9 m for the position & velocity vector option (for NUM6x6 and Kepler propagation models in the UE) and 4.2 m – 30.6 m for the orbital option (for NUM6x6 and Kepler propagation models in the UE). Thus, the accuracy in terms of timing is 14 ns – 113 ns. Likewise, there will be an error in the common TA estimation (covering the feeder link delay) and the UE GNSS position. For example, R1-2109165 estimates the common TA error is 8 µs just 20 seconds after receiving the SIB containing the common TA parameters (for a satellite at 60 degrees elevation angle relative to the UE). The estimates are made using a second order approximation without considering the quantization error introduced when providing the parameters in the system information. This means it is challenging for the UE to compensate the propagation delay with sufficient accuracy to fully exploit the accuracy of the referenceTimeInfo.
Thus, we understand it is not impossible to achieve the 10ns accuracy of time info in NTN, which is also the common understanding confirmed by RAN2.
Proposal 1: RAN2 understands that, for referenceTimeInfo, in NR NTN R17 it’s anyway not possible to achieve the same level of accuracy as in a TN network.
With such understanding in mind, we understand there is not much difference in option 1 and 2 since the 10ms accuracy would anyway be achieved while it is not possible to achieve the 10ns accuracy thus prefer to stick to the current reference point, i.e.gNB.
Proposal 2: In NR NTN, the indicated time in referenceTimeInfo and timeInfoUTC is referenced at gNB, i.e., UE should take into account the propagation delay in service link and feeder link when determining the time at the UE.
2.2. Correction on CondEvent T1
The following statement has been used in description of CondEvent T1:
---------------------------------------------------
5.5.4.16	CondEvent T1 (Time measured at UE is within a duration from threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition T1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition T1-2, as specified below, is fulfilled;
Inequality T1-1 (Entering condition)
[image: C:\Users\00219303\AppData\Local\Temp\ksohtml2396\wps1.jpg] 
Inequality T1-2 (Leaving condition)
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The variables in the formula are defined as follows:
Mt is the time measured at UE.
Thresh1 is the threshold parameter for this event (i.e. t1-Threshold as defined within reportConfigNR for this event).
Duration is the duration parameter for this event (i.e. duration as defined within reportConfigNR for this event).
Mt is expressed in ms.
Thresh1 is expressed in the same unit as Mt.
---------------------------------------------------
For the highlighted part, the intention is to say that Mt is the time point at UE side but the existing statement is a little bit misleading as someone may interpret it as the time duration since UE start measurement.
Thus, we propose to remove “measured” to make it clearer.
Proposal 3: Remove “measured” from the definition of Mt for CondEvent T1:
Mt is the time measured at UE.
Proposal 4: Agree the TP as included in the Appendix.
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Proposal 1: RAN2 understands that, for referenceTimeInfo, in NR NTN R17 it’s anyway not possible to achieve the same level of accuracy as in a TN network.
[bookmark: _GoBack]Proposal 2: In NR NTN, the indicated time in referenceTimeInfo and timeInfoUTC is referenced at gNB, i.e., UE should take into account the propagation delay in service link and feeder link when determining the time at the UE.
Proposal 3: Remove “measured” from the definition of Mt for CondEvent T1:
Mt is the time measured at UE.
Proposal 4: Agree the TP as included in the Appendix.
4. Appendix
4.1. Text proposal for UTC reference point
–	SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
SIB9 information element
-- ASN1START
-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {
    timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
     [[
    referenceTimeInfo-r16           ReferenceTimeInfo-r16                           OPTIONAL    -- Need R
    ]]
}

-- TAG-SIB9-STOP
-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. In an NTN cell, UE should take into account the propagation delay in the service link and feeder link when determining the UTC time at the UE. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.



NOTE 1:	The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

And we have the ReferenceTimeInfo IE
–	ReferenceTimeInfo
The IE ReferenceTimeInfo contains timing information for 5G internal system clock used for, e.g., time stamping, see TS 23.501 [32], clause 5.27.1.2.
ReferenceTimeInfo information element
-- ASN1START
-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfo-r16 ::= SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need S
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need S
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}

ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}

-- TAG-REFERENCETIMEINFO-STOP
-- ASN1STOP

	ReferenceTimeInfo field descriptions

	referenceSFN
This field indicates the reference SFN corresponding to the reference time information. If referenceTimeInfo field is received in DLInformationTransfer message, this field indicates the SFN of PCell.

	time
This field indicates time reference with 10ns granularity. If included in DLInformationTransfer and if UE-side TA PDC is de-activated, the indicated time may not be referenced at the network, i.e., gNB may pre-compensate for RF propagation delay. In an NTN cell, UE should take into account the propagation delay in the service link and feeder link when determining the UTC time at the UE. If included in DLInformationTransfer and if UE is requested to transmit UE Rx-Tx time difference measurement, the indicated time may not be referenced at the network, i.e., gNB may pre-compensate for RF propagation delay. Otherwise, the indicated time is referenced at the network, i.e., without compensating for RF propagation delay.
The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field.
If the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN. The UE considers this frame (indicated by referenceSFN) to be the frame which is nearest to the frame where the message is received (which can be either in the past or in the future).
If the referenceTimeInfo field is received in SIB9, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.
If referenceTimeInfo field is received in SIB9, this field is excluded when determining changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	timeInfoType
If timeInfoType is not included, the time indicates the GPS time and the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the origin of the time is unspecified.

	uncertainty
This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.



	Conditional Presence
	Explanation

	RefTime
	The field is mandatory present if referenceTimeInfo is included in DLInformationTransfer message; otherwise the field is absent.



4.2. Text proposal for Correction on CondEvent T1
5.5.4.16	CondEvent T1 (Time measured at UE is within a duration from threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition T1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition T1-2, as specified below, is fulfilled;
Inequality T1-1 (Entering condition)
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Inequality T1-2 (Leaving condition)
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The variables in the formula are defined as follows:
Mt is the time measured at UE.
Thresh1 is the threshold parameter for this event (i.e. t1-Threshold as defined within reportConfigNR for this event).
Duration is the duration parameter for this event (i.e. duration as defined within reportConfigNR for this event).
Mt is expressed in ms.
Thresh1 is expressed in the same unit as Mt.
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